Nonleptomc two-body decays of charmed mesons are discussed m the quark model as,ummg the Okubo-Zweig-Iizuka rule. Many sum rules are derived and the predicted decay rates of the mo:st probable modes are about 10 11 seC 1 It is also discussed that the .:ll=l/:2 rule in K->'.Cn 1s related to the 15 dominance in SU(4) but charmed meson decays do not reveal the dominance of a certain representation. § 1. Introduction
The discoveries of new partieles, 1 l ,ys or J, have stimulated a number of theoretical investigations. Among them, there are discussions of new quantum numbers such as color and charm which are natural extensions of the SU(3) symmetry. The color was introduced in order to avoid the spin-statistics problem and fractional charges of quarks" and the discrepancy between theoretical and experimental values of 7T 0 >2r decay. 31 The charm was first introduced for the purpose of constructing a baryon octet from integrally charged particles' 11 and also showing the lepton-baryon symmetry. 51 In recent years the concept of the charm quantum number has been reconsidered from the viewpoint of \Veak interactions 61 and a cosmic ray event observed by Niu, l'viikumo and l'v1aeda.n.sl (Recently a fe,N more events are seen. 91 ) Glashow, Iliopoulos and Maiani, 61 whose paper is referred to as GIM in this paper, have elegantly argued that charmed quarks are needed to explain the absence of the N(l\V we should investigate the properties of charmed particles which must exist if SU(4) is true, but thev have not been observed. 121 They will be produced by strong interactions follo\\'ed by their decays into ordinary hadrons or leptons.
We discuss, in this article, the nonleptonic two-body weak decays of charmed mesons. We deduce sum rules and predict the values of their decay rates. It is naturally considered that stable hadrons should decay mainly by nonleptonic modes and that pseudoscalar mesons are stable. As is well known, the nonleptonic decays of strange hadrons obey the LII = 1/2 rule; the magnitude of the LII = 1/2 amplitudes is larger than the magnitude of the LII = 3/2 amplitudes by a factor of twenty. However, the mechanism of enhancement of the LII = 1/2 amplitudes has not been understood so well. 131 Our explanation is based on the quark model, which was clone some years ago by the two of the present authors for hyperon decays.w At that time they were able to explain the LII = 1/2 rule and the Lee-Sugawara triangle relation for s-wave amplitudes, by introducing color symmetry. According to this method, the LII = 1/2 enhancement is related to the dominant diagrams and consequently is not directly related to a certain irreducible representation such as 8 (1.5 or 20" in case of SU ( 4)). The quark diagrammatical argument is very powerful in discussing strong interactions. We expect that this method will also give a good explanation for nonleptonic decays, because the enhancement of certain processes in nonleptonic decays is essentially the problem of dynamics of strong interactions.
In § 2 the model is given. In § 3 the parameters are determined using the experimental values of K ->2r: decay rates, the decay rates of charmed mesons are estimated and sum rules are given. The final section, § 4, is devoted to discussion. § 2. Model and decay amplitudes
The fundamental particles of our model are the usual quarks, u, d and s, and the charmed quark, c, and mesons are the bound states of (qq). Weak interactions are mediated by the IV boson, which couples to the GIM weak currents 6 
where (J is the Cabibbo angle. We assume the Okubo-Zweig-lizuka (OZI) rule 151 even for weak interaction processes. The OZI rule implies the invalidity of the dominance of a certain irreducible representation. The validity of the OZI rule for weak interaction is questionable, but characteristic features of nonleptonic decays reflect, more or less, the effect of strong interactions, so that the OZI rule should be taken into account.
Uncler this assumption diagrams indicated in These forms guarantee the CP invariance, where P,/ is transformed into pnm under charge conjugation. Because of the structure of GIM vveak currents, the decays are classified into three groups: (1) L!C=O, jL!Sj =1, (2) jL!Cj = jL!Sj =1 and (3) j L!Cj = 1, LiS= 0. In the cases of (1) and (3) the coupling strengths are proportional to cos 0 sin {} and in the case of (2) to cos 2 {} or sin' e.
It seems that the (a) diagrams in Fig. 1 have no contribution, at first sight, for the same reason as the suppression mechanism of strangeness current. However, this is not the case. terms of these self-energy-like diagrams changing neutral
The most leading are G-ln(A 2 /m0 2 ) in a renormalizable gauge theory, and they are cancelled out due to the structure of GIM weak currents. Next leading terms do not vanish since SU (4) It is important to notice that the diagrams of type (a) should be dominant if we apply this method to K ---'>27r decays. The diagrams (a) apparently obey the L!I = 1/2 rule but the diagrams (b2) violate the L1I = 1/2 rule and (b1) and (b,) are to have the same strengths.
We can now get invariant amplitudes in terms of four parameters, A.c.
and B 2 corresponding to each diagram. The results are given in Table I .
Next we discuss the reduction of the number of parameters. vVe naturally expect that B 1 and B, have the same magnitude except relative phase. Therefore vve set
The mmus srgn rs expected from the argument of nonrelativistic perturbation: the energy denominator of each diagram has opposite sign when the state between vveak and strong vertices is taken as the intermediate state (Fig. 3) . This is also expected if we insert tensor representation of tensor spurion and mass breaking term. 
W1->K2'7)=--· J 6 [B,-B,] cos20
These modes are less important than the others, even if they can occm, because of the smallnecs of Q-values. Though we may set A 8 =(-mc+mu)/(m,--md)·Ac from the argument already mentioned, we do not require it by the reason that quark masses are not so well determined. Then, there remain three parameters, one of which will be only known from charmed meson data.
We are ] eft with some more discussion on the parameters. In both cases the mam modes are semileptonic decays. § 3. Sun1 rules and deeay rates First we give sum rules which are easily derived from Table I . The relations among the amplitudes with the same initial masses are obtained as follows· 
These are obtained from Table I by eliminating B~> B, and Ac. I£ we make use of Bl = -B,, then we have more relations, for example
To relate the amplitudes with different initial masses, we assume G = (m1) 2 G0• By using this we can obtain another relation connecting F-and D-meson decays through llc, and also get several of decay rates through B. The decay rates are represented in Table II . F 0 , used 111 it, 1s defined as
rPI->ab JJlK
and its dependence upon m 1 is sho,vn in Fig. 4 . As an example the numerical values corresponding to mr='2.2GeV/c 2 anclmn=2.1GeV/c' are also shown in There is a striking distinction between our method and group theoretical arguments of the dominance of a certain irreducible representation. Altarelli, Cabibbo and Maianim have pointed out that GIM current structure contains only 84 and 
